This paper studies the productivity implications of the cyclical reallocation of capital. Frictions in the reallocation process are a source of factor misallocation. Cyclical movements in these frictions lead to variations in the pace of reallocation and thus in productivity. These frictions also impact the capital accumulation decision. The effects are quantitatively important in the presence of fluctuations in the cross sectional dispersion of profitability shocks. The cyclicality of the output loss due to costly reallocation depends on the joint distribution of capital and plant-level productivity. Instead of relying on approximative solution techniques we show analytically that a higher-order moment is needed to solve the model accurately. Even without aggregate productivity shocks, the model has quantitative properties that resemble those of a standard stochastic growth model: (i) persistent shocks to the Solow residual, (ii) positive co-movement of output, investment and consumption and (iii) consumption smoothing and can mimic the dynamics of reallocation and the cross sectional dispersion in average capital productivity. A model with both aggregate productivity and dispersion shocks matches the moments best.
MOTIVATION
lies at the heart of the analysis of productivity both within and across countries in Maksimovic and Phillips (2001) , Hsieh and Klenow (2009) , Bartelsman, Haltiwanger, and Scarpetta (2013) Restuccia and Rogerson (2008) and others.
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In this paper we consider the cyclical dimension of reallocation in the presence of capital reallocation costs. In important empirical contributions, Eisfeldt and Rampini (2006) , Kehrig (2011) and Kehrig and Vincent (2013) show that capital reallocation is pro-cyclical and that the cross-sectional productivity dispersion behaves counter-cyclically.
2 This not only underlines the significance of heterogeneity in the production sector but also suggests that frictions in the reallocation of capital may produce cyclical effects on output over the business cycle.
The cyclical reallocation process generates an important distinction between the cyclical behavior of aggregate total factor productivity (TFP) and the Solow Residual (SR), calculated from an aggregate production technology. In the standard Real Business Cycle model, these are the same. But, in a model with heterogenous producers and costly reallocation, the SR reflects both TFP and the assignment of factors of production to heterogeneous production sites. In fact, this latter reallocation effect is itself
cyclical. As we demonstrate, this difference leads to a very different representation of TFP in order to match the SR. Compared with the standard parameterization of the Real Business Cycle model, aggregate TFP is less persistent and less variable.
The primary objective of this paper is to integrate these findings about cyclical reallocation along with the distinction between aggregate TFP and the SR with more standard properties of aggregate fluctuations. Using a dynamic general equilibrium model we ask: What are the driving processes and propagation mechanisms that generate the observed moments in economic aggregates as well as pro-cyclical reallocation and countercyclical dispersion?
We consider two shocks: (i) aggregate total factor productivity and (ii) shocks to the dispersion of idiosyncratic shocks. The focus on aggregate total factor productivity is traditional, as in the vast literature starting from the contributions of Kydland and Prescott (1982) and King, Plosser, and Rebelo (1988) .
While successful in matching some aggregate moments, those exercises study homogenous production units and thus ignore the significance of factor reallocation for aggregate productivity as well as potential independent variations in the dispersion of shocks. Moreover, those models are understood to lack endogenous propagation, making the serial correlation of exogenous productivity key to matching the data.
Even with heterogenous plants, we argue that a model economy driven only by shocks to total factor productivity fails to match the joint dynamics of reallocation and the cross-sectional dispersion of productivity. Matching these other moments requires the introduction of another shock and, as we shall see, an
1 More specific differences with these and other studies are discussed below.
2 Eisfeldt and Rampini (2006) use dispersion in firm level Tobin's Q, dispersion in firm level investment rates, dispersion in total factor productivity growth rates, and dispersion in capacity utilization. Kehrig (2011) constructs dispersion measures based on TFP estimates. Kehrig and Vincent (2013) find that the dispersion of the cross-sectional distribution of capital productivity is countercyclical as well.
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Our second shock, directly to the dispersion of idiosyncratic productivity and hereafter termed a "dispersion shock", is motivated by the evidence cited earlier from Eisfeldt and Rampini (2006) , Kehrig (2011) , Kehrig and Vincent (2013) and others which point to the quantitative significance of cyclical factor reallocation and its contribution to measures of total factor productivity from aggregate data. From Olley and Pakes (1996) and related contributions, the combination of heterogeneous plants and adjustment frictions means that aggregate output depends on the allocation of capital across plants. In our analysis, this assignment of capital is captured by the covariance between capital and productivity. This covariance appears in the state vector of the planner's problem and plays a central role in generating the cyclical properties of reallocation and the dispersion in the average productivity of capital. Moreover, this covariance is a slow-moving object and thus creates endogenous propagation.
The fact that the covariance matters as a moment for determining the optimal allocation is indicative of the significance of reallocation effects. If the covariance was not needed for characterizing optimal allocations, for example because it is constant over time or perfectly correlated with the mean, then reallocation could not have a cyclical effect on aggregate output.
3 Thus the covariance that matters from the perspective of the Krusell and Smith (1998) approach is precisely the moment that reflects cyclical gains to capital reallocation.
Relative to the literature emerging from Krusell and Smith (1998) , almost all papers find that approximating a joint distribution with its higher order moments is not necessary, first moments are sufficient.
Our results indicate that in the presence of reallocation shocks, these higher order moments do matter.
Besides the issue of approximation, not properly taking cross-sectional heterogeneity into account will lead to a mis-measurement of TFP. So, for example, it is possible for measured aggregate TFP to fall due to the misallocation of aggregate resources rather than from an actual fall in aggregate productivity. Thus there is a potentially powerful interaction between the traditionally measured aggregate TFP and these two exogenous aggregate shocks. This is a central point in Foster, Haltiwanger, and Krizan (2001) and related studies that isolate the contribution of reallocation to aggregate productivity.
Our analysis is distinguished from the existing literature by our joint focus on these shocks and assessing their quantitative implications for a rich set of facts. Other studies either ignore dispersion shocks or do not include facts about reallocation in their analysis. Neither Eisfeldt and Rampini (2006) nor Kehrig (2011) include shocks to the distribution of plant-level productivity in their models. These shocks are prominent in, for example, Bloom, Floetotto, Jaimovich, Saporta-Eksten, and Terry (2012) and Bachmann and Bayer (2013) , but their implications are not included in the set of moments under consideration. 3 As discussed below, even if the covariance is constant, reallocation may be important for average productivity. 4 Specifically, Bloom, Floetotto, Jaimovich, Saporta-Eksten, and Terry (2012) estimate, using SMM, the parameters governing their uncertainty process to match the distribution of plant-level TFP shocks and the coefficients of a GARCH representation of the growth in the Solow residual. Importantly, the aggregate TFP process is set based upon calibrations that match the dynamics of the Solow residual. For our analysis, the process of the Solow residual is the outcome of the interaction of fundamental shocks and the reallocation process and thus is not treated as an input into the quantitative Preliminary Draft, Please Do Not Quote
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Our emphasis is not misplaced. We find that together these shocks create cyclical movements in reallocation and productivity as well as time-varying productivity dispersion, thus matching the facts from Eisfeldt and Rampini (2006) and Kehrig and Vincent (2013) . If the only shocks in the economy are to aggregate TFP, then the productivity loss from costly reallocation has no cyclical element.
5
If an aggregate model behaves as if there were no non-convexities at the plant-level, then the distortions in the allocation of capital across plants with different productivities will matter only for aggregate levels.
As a result, the distribution over plants' capital stock and idiosyncratic productivity can be extremely well approximated by its first moment.
Matching aggregate moments along with the cyclical patterns of both reallocation and the cross sectional distribution of productivity requires the presence of the dispersion shock and a role for cross-sectional heterogeneity, captured by the covariance between productivity and capital at the plant level, in the state vector. We estimate the aggregate TFP and dispersion shocks along with the parameters of adjustment costs to match this larger set of moments.
Frictionless Economy
To fix basic ideas and notation, consider an economy with heterogeneity in plant-level productivity and no frictions in the accumulation of capital nor in its reallocation. The planner maximizes
for all (A, K). The constraints are
The objective function is the lifetime utility of the representative household. The state vector has two elements: A is aggregate TFP and K is the aggregate stock of capital. There is a distribution of plant specific productivity shocks, f (ε) which is (provisionally) fixed and hence omitted from the state vector.
At the beginning of the period, A as well as the idiosyncratic productivity shocks ε realize. There are two controls in (1). The first is the choice of aggregate capital for the next period. The second is the analysis. Moreover, higher order moments do not appear explicitly in their state space. Bachmann and Bayer (2013) also calibrate treating the Solow residual as aggregate TFP and focus on business cycle not reallocation moments. 5 See Veracierto (2002) , Thomas (2002) , Khan and Thomas (2003) and Gourio and Kashyap (2007) as well.
Preliminary Draft, Please Do Not Quote 2 FRICTIONLESS ECONOMY assignment function, k(ε), which allocates the given stock of capital across the production sites, indexed by their current productivity. While aggregate capital K requires one period time-to-build, the reallocation of existing capital takes place instantaneously and is given by k(ε).
The resource constraint for the accumulation of aggregate capital is given in (2). The constraint for the allocation of capital across production sites in given in (3). From (4), total output, y, is the sum of the output across production sites. The production function at any site is
where k is the capital used at the site with productivity ε. 6 Both idiosyncratic and aggregate productivity shocks ε and A can be persistent, parameterized by ρ ε ∈ [0, 1] and ρ A ∈ [0, 1]. We assume α < 1 as in Lucas (1978) . 7 In this frictionless environment, a plants' optimal capital stock is entirely determined by ε.
The assumption of diminishing returns to scale, α < 1, implies that the allocation of capital across production sites is non-trivial. There are gains to allocating capital to high productivity sites but there are also gains, due to α < 1, from spreading capital across production sites.
Optimal Choices
Within a period, the condition for the optimal allocation of capital across production sites is given by
Substituting into (4) yields
This is a standard aggregate production function, AK α , augmented by a term that captures a "love of variety" effect from the optimal allocation of capital across plants. With a given distribution f (·) the 6 Labor and other inputs are not made explicit. One interpretation is that these inputs have no adjustment costs and are optimally chosen each period, given the state. In this case, the marginal product of labor (and other inputs) will be equal across production sites. This does not imply equality of the marginal products of capital. Adding labor adjustment, perhaps interactive with capital adjustment, would be a natural extension of our model. Presumably, adding labor frictions would enhance our results. Bloom, Floetotto, Jaimovich, Saporta-Eksten, and Terry (2012) include labor adjustment costs while Bachmann and Bayer (2013) assume flexible labor.
7 As in Cooper and Haltiwanger (2006) , estimates of α are routinely below unity. This is interpreted as reflecting both diminishing returns to scale in production and market power due to product differentiation. For simplicity, our model ignores product differentiation and treats the curvature as reflecting diminishing returns. The analysis in Kehrig (2011) includes product differentiation at the level of intermediate goods.
8 The first order condition implies αAεk(ε) α−1 = η for all ε, where η is the multiplier on (3). It implies k(ε) = η αAε
. Putting these two conditions together yields (6).
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idiosyncratic shocks magnify average aggregate productivity as the planner can reallocate inputs to the more productive sites.
The condition for intertemporal optimality is u (c) = βEV K (A , K ) so that the marginal cost and expected marginal gains of additional capital are equated. Using (1), this condition becomes
The left side is the marginal cost of accumulating an additional unit of capital. The right side is the discounted marginal gain of capital accumulation. Part of this gain comes from having an extra unit of capital to allocate across production sites in the following period. The productivity from these production sites depend ons two factors, the expected future values of aggregate productivity, A , and the cross sectional distribution of idiosyncratic shocks, f (ε).
The choice of k for each plant within a period is independent of the choice between consumption and saving. The planner optimally allocates capital to maximize the level of output and then allocates output between consumption and capital accumulation. Clearly, once we allow for limits to reallocation, the capital accumulation decision will depend upon the future allocation of capital across production sites.
Aggregate Output and Productivity
For this economy, there is a fundamental link between productivity and the assignment of capital to plants.
9
Let k(ε) = ξ(ε)K, so that ξ(ε) is the fraction of the capital stock going to a plant with productivity ε.
Then (4) becomes:
Define a measure of productivityÃ asÃ
As is well understood from the Olley and Pakes (1996) analysis of productivity, the level of aggregate output will depend on the covariance between the plant-level productivity and the factor allocation. Let
, and φ = cov(ε, ξ(ε) α ). Total output depends on these two moments:
whereÃ is given byÃ
COSTLY REALLOCATION
This connection between aggregate productivity and the cross sectional allocation of capital will be fundamental to our analysis. As we shall see, the presence of adjustment frictions implies that these moments are the source of endogenous movements in aggregate productivity.
Researchers interested in measuring TFP from the aggregate data will typically uncoverÃ rather than
A. This is the mis-measurement referred to earlier. As the discussion progresses, we will refer toÃ as the Solow residual, as distinct from aggregate TFP.
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From (10) shocks, for example, creates opportunities to assign more capital to higher productivity sites and thus output as well as productivity will increase.
Finally, there is the allocation of factors, ξ. If factors are optimally allocated, then the distribution of capital over plants does not have an independent effect onÃ. However, the presence of frictions may imply that, in a static sense, capital is not efficiently allocated. In that case, even with f (ε) fixed, the reallocation process will lead to variations inÃ. This is the topic of the next section.
Costly Reallocation
The allocation of capital over sites has significant effects on measured total factor productivity in the presence of idiosyncratic productivity shocks. In a frictionless economy with fixed f (ε) there are no cyclical effects of reallocation on productivity. However, there is ample evidence in the literature for both non-convex and convex adjustment costs associated with changes in plant-level capital. Introducing these adjustment costs will enrich the analysis of productivity and reallocation.
In contrast to Midrigan and Xu (2014) there are no borrowing frictions. They argue that these frictions do not create large losses from misallocation between firms, but potentially large losses by deterring entry.
In Cui (2014) capital reallocation is pro-cyclical because partial irreversibility interacts with financial constraints.
There are two distinct frictions to study, corresponding to the two dimensions of capital adjustment.
The first, our focus here, is "costly reallocation" in which the friction is associated with the allocation of capital across the production sites. The second is "costly accumulation" in which the adjustment cost refers to the cost of accumulating rather than allocating capital. Given the emphasis on reallocation, we study a tractable yet rich model of reallocation costs.
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The Planner's Problem
For the dynamic program of the planner in the presence of adjustment costs, the state vector includes aggregate productivity A, the aggregate capital stock K, and Γ, the joint distribution over beginning-ofperiod capital and productivity shocks across plants. Γ is needed in the state vector because the presence of adjustment costs implies that a plant's capital stock may not reflect the current draw of ε.
Following the discussion above, variations in f (ε), the distribution of idiosyncratic shocks, influence measured aggregate productivity. To study this effect further, we introduce shocks to the variance of idiosyncratic productivity shocks, parameterized by λ. Such changes can be interpreted as variations in uncertainty. A number of recent papers such as Bloom (2009) and Gilchrist, Sim, and Zakrajsek (2013) find that time-varying uncertainty can have effects on aggregate output, while Bachmann and Bayer (2013) contest the importance of these shocks.
Specifically, consider a mean-preserving spread (MPS) in the distribution of ε. In a frictionless economy such a spread would incentivize the planner to carry out more reallocation of capital between plants because capital can be employed in highly productive sites.
Let s = (A, λ; Γ, K) denote the vector of aggregate state variables. Note the assumed timing: changes in the distribution of idiosyncratic shocks are known in the period they occur, not in advance.
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Each period, the planner has the opportunity to reallocate capital across all plants. However, in order to learn about ε before production takes place, the planner must pay a fixed adjustment cost, denoted F , scaled by the aggregate capital stock, as in (14). 12 The adjustment cost is independently and identically distributed across time and plants. The distribution of F is denoted G. The adjustment status of a plant is given by j = a, n, where a stands for 'adjustment', while n stands for 'non-adjustment', depending on whether or not the planner decides to pay the plant's fixed cost of adjusting. Denote the fraction of adjustable plants as π.
This specification of adjustment costs has a couple of key advantages. First, gains to adjustment will be procyclical: i.e. the gains to reallocation will increase in A and the costs of adjustment are independent of the current value of productivity. In this way, the case of countercyclical adjustment costs of Eisfeldt and Rampini (2006) emerges in our model as well. Second, the cost of adjustment is scaled by the aggregate capital stock at the plant, K α . This will not matter for the analysis of reallocation but will add tractability since, as in (11), output net of adjustment costs will be proportional to the capital stock.
Given the state, the planner makes an investment decision K , determines π, and chooses how much capital to reallocate between adjustable plants, (k j , ε j ) ∈ a. Letk j (k, ε, s) for j = a, n denote the capital allocation to a plant that enters the period with capital k and profitability shock ε in group j after 11 Other models, such as Bloom, Floetotto, Jaimovich, Saporta-Eksten, and Terry (2012), include future values of λ in the current state as a way to generate a reduction in activity in the face of greater uncertainty about the future. This is not a focus of our analysis.
12 Importantly, this cost is independent of A. This is part of the mechanism that creates cyclical reallocation with TFP shocks alone.
Preliminary Draft, Please Do Not Quote 3 COSTLY REALLOCATION reallocation. The capital of a plant in group j = a is adjusted and is optimally set by the planner to the levelk a (k, ε, s). The capital of a plant in group j = n is not adjusted so thatk n (k, ε, s) = k.
The choice problem of the planner is:
subject to the resource constraint (2), amended to include adjustment costs and reflecting the fact that some but not all plants adjustment capital stocks:
with
Here output is simply (4) split into adjustable and non-adjustable plants less the adjustment costs, where
The adjustment cost in (14) is linked to the fraction of plants π chosen for adjustment through the CDF of adjustment costs. Specifically, given π, the maximal adjustment cost paid is F (π) given implicitly by π = G(F ). Once the maximal adjustment cost is determined, the total amount paid is the integral over the distribution of adjustment costs up to F (π), as in the last term of (15).
Given π, the amount of capital over all plants must sum to total capital K:
As the capital is plant specific, it is necessary to specify transition equations at the plant level. Let
denote the gross investment rate so that K = (1 − δ + i)K is the aggregate capital accumulation equation. To distinguish reallocation from aggregate capital accumulation, assume that the capital at all plants, regardless of their reallocation status, have the same capital accumulation. The transition for the capital this period (after reallocation) and the initial plant-specific capital next period is given by
for j = a, n.
Due to the presence of frictionsk a (k, ε, s) is not given by (6). The presence of frictions implies that there is a positive probability that the capital of a plant in the adjustment set today will not be in the adjustment set tomorrow. Therefore, the capital reallocation decision is forward looking, unlike (6).
The quantitative analysis will focus on reallocation of capital, defined as the fraction of total capital that is moved between adjustable plants within a period. Following a new realization of idiosyncratic Preliminary Draft, Please Do Not Quote 3 COSTLY REALLOCATION productivity shocks, the planner will reallocate capital from less productive to more productive sites.
Aggregate output is thus increasing in the amount of capital reallocation.
Ask a (k, ε, s) denotes the post-reallocation capital stock of a plant with initial capital k, the plant-level reallocation rate would be r(k, ε, s) = |k a (k, ε, s) − k|. Aggregating over all the plants who adjust, the aggregate reallocation level is
The multiplication by 0.5 avoids double counting flows between adjusting plants.
Joint Distribution of Capital and Productivity
In the presence of reallocation frictions, the state space of the problem includes the cross sectional distribution, Γ. Consequently, when making investment and reallocation decisions the planner needs to forecast Γ . It is computationally not feasible to follow the joint distribution of capital and profitability shocks over plants. However, our setup allows us to represent the joint distribution by two of its moments. Unlike the literature following Krusell and Smith (1998) this is an exact solution, not an approximation.
The appropriate set of moments, as developed above for an economy without reallocation frictions, comes from the representation of aggregate output as y =ÃK α withÃ = A(µ + φ).
13 For the economy with costly adjustment and an endogenous reallocation rate of π, aggregate output, taken from (15),
where
Instead of Γ we retain µ n and φ n in the state vector of (13).
So write the Solow residual as:
The two moments, (µ n , φ n ), contain all the necessary information about the joint distribution of capital and profitability among non-adjustable plants.
14 Each period the planner chooses an allocation of capital over plants, which maps into values of µ a and φ a .
13 As noted earlier, this decomposition of productivity taken from Olley and Pakes (1996) highlights the interaction between the distribution of productivity and factors of production across firms. Gourio and Miao (2010) use a version of this argument, see their equation (45), to study the effects of dividend taxes on productivity. Khan and Thomas (2008) study individual choice problems and aggregation in the frictionless model with plant specific shocks. Basu and Fernald (1997) also discuss the role of reallocation for productivity in an aggregate model.
14 The information about capital in plants in F A , captured in µ a and φ a is freely adjusted within the period and therefore not needed in the state vector.
COSTLY REALLOCATION
Note that by keeping (µ n , φ n ) in the state space, we are not approximating the joint distribution over capital and productivity since the two moments can account for all the variation of the joint distribution.
That is, the covariance appears in (19) precisely because output depends on the assignment of capital to plants, based on the realization of ε. This feature of our choice of moments allows us to compare it with common approximation techniques in the spirit of Krusell and Smith (1998) This returns us to a main point raised in section 1: the interaction between the presence of higher order moments and reallocation. As the quantitative analysis develops, the link from the source of variation to the movements in these higher order moments will be stressed.
Laws of Motion
Though the model is rich due to plant heterogeneity and non-convex adjustment costs, we can characterize the evolution of the endogenous state variables of the cross sectional distribution. Each period, for a given aggregate state, the choice ofk a maps into the two moments (µ a , φ a ). This choice determines output at the adjustable plants. The joint distribution over capital and ε for all plants at the end of the current period is summarized byμ andφ, withμ
These are convex combinations of the moments from the adjustable and non-adjustable plants, weighted by their respective weights π and 1 − π. Next period's state variables µ n and φ n are given by
and
Here ρ ε is the serial correlation of the idiosyncratic shock. For this analysis, a plant is assumed to stay with its current productivity with probability ρ ε and to draw a new value of productivity with probability Preliminary Draft, Please Do Not Quote
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1 − ρ ε as in Elsby and Michaels (2013) .
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Together, (21) - (24) define the law of motion of the joint distribution Γ, allowing us to follow the evolution of this component of the aggregate state. The planner faces a trade-off regarding the reallocation of capital across sites. The planner can increase contemporaneous output by reallocating capital from lowto high-productivity sites in F a . This will increase the covariance between profitability and capital, φ a , while at the same time decreasing µ a because α < 1. However, the evolution of ε will create a mismatch betweenk n (k, ε, s) = k and the realization of ε for plants in F n tomorrow. The planner therefore has to trade off the higher instantaneous output from reallocation with the higher costs of adjusting mis-matched plants tomorrow.
Suppose A and λ are time-invariant. In this environment a stationary distribution Γ * and a value π * exist. In the stationary distribution µ n = µ a = µ * . Furthermore, the economy converges to a stationary
Quantitative Results: Capital Reallocation and Cross Sectional Dispersion
The point of the quantitative analysis is to understand the role of productivity and dispersion shocks, along with frictions in reallocation, in matching key moments. This section focuses exclusively on the two moments stressed in the introduction: the cyclical patterns of reallocation and the dispersion of the cross sectional distribution of productivities.
In keeping with the distinction noted earlier between reallocation and accumulation, the quantitative analysis presented here is of an economy with a fixed capital stock, thus highlighting reallocation. The insights from the reallocation process are key to understanding a model with accumulation to jointly match all the aggregate moments discussed in the next section.
Parameterization
For this analysis, the parameters are taken from other studies. In section 5.1 a subset of the parameters are estimated.
We solve the model at the annual frequency, using these baseline parameters. Following the estimates in Cooper and Haltiwanger (2006) , we set α = 0.6. 16 We assume log-utility and a depreciation rate Preliminary Draft, Please Do Not Quote 4 QUANTITATIVE RESULTS: CAPITAL REALLOCATION AND CROSS SECTIONAL DISPERSION δ = 0.1. Assuming an annual interest rate of 4% implies an annual discount factor β = 0.9615. Aggregate profitability takes the form of an AR(1) in logs
where ρ a = 0.9 and σ a = 0.007. As noted earlier, the distinction between the aggregate TFP and the SR is important in our analysis. We return to this later when the model is estimated.
Idiosyncratic profitability shocks are log-normal and evolve according to a law of motion with timevarying variance. Each period, there is a probability ρ ε of drawing a new value of ε. With the counterprobability, the site produces with last period's ε. The stochastic process is given by:
The parameters of the idiosyncratic shock process are ρ ε = 0.9 and σ ε = 0.2. The parameter λ governs the mean-preserving spread of the normal distribution from which idiosyncratic profitability ε is drawn.
It has a mean of 1 and variance σ λ . The stochastic process is given by:
We set ρ λ = 0.95 and σ λ = 0.014.
As in Thomas (2002) , we assume that G(F ) is uniform between zero and an upper limit denoted B.
For the analysis in this section, we set B = 0.4 to match an average reallocation rate of 40% from the post-1990 Compustat data. This parameter is estimated below.
All exogenous shocks are discretized using the methodology described in Galindev and Lkhagvasuren (2010) . The computational strategy is discussed in further detail in Appendix A.
Capital Reallocation
We study the effects of shocks to A and λ on capital reallocation to better understand the workings of the model. Table 1 shows measures of capital reallocation and productivity. The column labeled E t (σ arpk ) measures the time series average of the cross sectional standard variation of the average revenue product of capital. The column labeled σ(Ã/A) reports the standard deviation of the SR relative to TFP. This is a key moment as it measures the extent to which the cross-sectional distribution f (ε) and the allocation affect aggregate productivity; i.e. this measures the cyclicality of productivity which does not come from A alone. The columns C(R,Ã) and C(σ arpk ,Ã) are the correlations between the SR and, respectively, capital reallocation and the standard deviation of the average revenue product of capital. These two columns provide a link back to the facts, noted in the introduction, about the cyclical behavior of reallocation and dispersion in productivity. As in the data analysis, these are correlations with the SR not aggregate TFP.
Preliminary Draft, Please Do Not Quote As a benchmark, consider the economy without any adjustment costs from Section 2. Without frictions, the marginal product of capital is equalized across plants, E t (σ arpk ), is zero. Although capital is reallocated each period, the total amount is time-invariant and hence plays no role in the cyclicality of aggregate productivity.
QUANTITATIVE RESULTS: CAPITAL REALLOCATION AND CROSS SECTIONAL DISPERSION
There are three experiments for the economy with adjustment costs. The first allows a shock to aggregate TFP, holding the distribution of the idiosyncratic shocks fixed. The second and third assume the distribution of shocks is stochastic, holding aggregate TFP constant. To better understand the mechanism at work, the second and third cases differ by the assumed serial correlation of the shock to λ.
For all the treatments, the introduction of adjustment costs creates a non-degenerate distribution of the average product of capital, as indicated in the first column. This reflects the assumed distribution of adjustment costs, with an upper bound on adjustment costs set at B = 0.4. This distortion is a level effect. Our interest is in the cyclical patterns of this misallocation of capital.
The row labeled 'stochastic A' allows for randomness in aggregate productivity. In this case, there is almost no variation in the Solow residual independent of TFP: i.e. σ(Ã/A) is nearly zero. Still, there is some response in the relocation process to variations in A because the adjustment costs do not depend directly on productivity. Thus, reallocation is procyclical as the gains to reallocation rise with A. Further, C(σ arpk ,Ã) is countercyclical since the dispersion in productivity is reduced when reallocation increases. There are two cases explored when λ is stochastic: one with serially correlated shocks and another with iid shocks. The persistence of the shock matters for the cyclical properties of the standard deviation of capital productivity. This is seen by the difference in the signs of the entries in Table 1 Note: The green dash-dotted line represents responses after a one-time iid shock, while the blue solid line represents responses after a persistent shock. The panels show (clockwise) the exogenous shock, the mis-measured part of TFP, the fraction of adjusters, capital reallocation, the cross-sectional standard deviation of the marginal product of capital, consumption, output, andμ, the center panel showsφ.
In response to a positive shock in λ, (i.e. an increase in the dispersion of idiosyncratic productivity shocks), reallocation increases as does the Solow residual. Importantly, the reallocation response can be so large that the cross sectional dispersion in the average productivity of capital falls. This is clear from Figure 2 . Thus the initial response to the shock in λ is a negative comovement between dispersion and the Solow residual. When the shock persists, the Solow residual remains above trend through the entire transition. But the dispersion of the average productivity of capital rises above its steady state value in the transition as the reallocation effect is dominated by the spread in the distribution of idiosyncratic productivities. Thus the transition path for the serially correlated shock can create positive comovement Preliminary Draft, Please Do Not Quote
between the Solow residual and the dispersion in capital productivity, as indicated in Table 1, offsetting the negative comovement at the impulse. Note: The green dash-dotted line represents responses after a one-time iid shock, while the blue solid line represents responses after a persistent shock. The panels show (clockwise) the exogenous shock, the mis-measured part of TFP, the fraction of adjusters, capital reallocation, the cross-sectional standard deviation of the marginal product of capital, consumption, output, andμ, the center panel showsφ.
To further understand the dynamics for these economies, we expired VAR(2) representations of output and reallocation. This structure is used below to generate moments for the estimation. Specifically,
which we estimate on simulated data for the three cases indicated in Table 1 . Table 2 : VAR estimates from simulated data
The response of reallocation to the shocks illustrated by the impulse response functions is captured by these estimates. In particular, in the stochastic λ case with ρ λ = 0, reallocation responds very strongly to the impulse, as does output. But in the following periods, reallocation is well below average though output does not fall below its average. The VAR coefficients capture both the response and the transition effects of the innovation. This same pattern is present but attenuated in the other cases. All of the impulses created serially correlated responses to output. Note too that the size of the response of both output and reallocation are much larger in the presence of dispersion shocks. The VAR coefficients estimated from the data will be used as moments in the estimation.
Aggregate Implications
This section returns to the themes of the introduction: the cyclical properties of reallocation and business cycles. The ultimate goal is to estimate parameters of the model to match moments. This analysis is conducted in economies with capital accumulation.
As noted in the introduction, our analysis adds to existing studies in two dimensions. First, both productivity shocks and shocks to the distribution of plant-level productivity are present and their relative importance is estimated. Second, we enlarge the traditional set of macroeconomic moments to include pro-cyclical reallocation and the countercyclical standard deviation of productivity.
We find evidence that both shocks matter for matching moments though the dispersion shocks are much more important as they are able to generate patterns of reallocation as well as aggregate variations consistent with the data. There are a couple of key points that emerge. First, the model with dispersion shocks is able to generate a procyclical Solow residual. Second, there are quantitatively important dynamics induced through the covariance.
AGGREGATE IMPLICATIONS
The section concludes with a discussion of the quantitative importance of including the covariance.
The point is to make clear the contribution of including the covariance between capital and profitability in the state vector.
Matching Business Cycles
This sub-section compares the aggregate properties of our model with those of the RBC model. There are two motivations for this exercise.
First, one of the key findings of Thomas (2002) and the literature that followed was the near equivalence between the aggregate moments of a model with lumpy investment and the aggregate implications of a real business cycle model with quadratic adjustment costs at the plant-level. This sub-section returns to that theme in a model that stresses reallocation rather than the accumulation of capital in a setting with stochastic variations in the distribution of idiosyncratic shocks.
Second, a standard criticism of the RBC model is technological regress: i.e. apparent reductions in total factor productivity. As emphasized in Bloom, Floetotto, Jaimovich, Saporta-Eksten, and Terry This reflects the timing in our model as well as the structure of adjustment costs. In contrast to models with irreversibility and other forms of non-convexities, there is no option-to-wait in our model with Calvo style adjustment costs. Third, there are no adjustment costs to labor. Finally, as already emphasized, higher order moments matter for the planner and generate an underlying dynamic. In contrast, Bloom, Floetotto, Jaimovich, Saporta-Eksten, and Terry (2012) exclude higher order moments in their approximation. As indicated earlier, there is a dynamic to these higher order moments that underlies the serial correlation in the Solow residual.
The parameters we estimate are given by Θ = (B, ρ λ , σ λ , ρ A , σ A ). The first of these is the upper bound on the uniform distribution of capital adjustment costs. The other four are the serial correlation and standard deviation of the innovation to the dispersion shock and aggregate TFP shock, respectively.
Other parameters, such as (α, β, δ, σ ε , ρ ε ) are taken from other sources.
18
Given the theme of the paper, the moments mix those reflecting the reallocation process as well as the traditional business cycle moments. Unless stated otherwise, the data are annual, in logs and are HP filtered. The reallocation moments include:
18 Specifically, α = 0.60, σ ε = 0.2, ρ ε = 0.9, β = 0.9615, δ = 0.10 throughout.
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C(R, y):
Correlation between output and reallocation from Eisfeldt and Rampini (2006) . 4. To capture the dynamics of cyclical reallocation, we estimated a VAR(2), following (29), on output and reallocation, with coefficient estimates reported in the Table 5 .
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The first two of these moments were emphasized in our motivation as representing the importance of cyclical reallocation. 22 The VAR (2) captures the magnitude of the dynamic interaction between output and reallocation.
The RBC moments, reported in Table 4 are the traditional correlations between output, consumption and investment. They also include the properties of the Solow residual. These are taken from Thomas (2002) and are annual and HP filtered.
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The parameters were chosen to minimize the squared percentage difference between the simulated and data moments. The estimates are shown in Table 3 . 24 Three cases are explored. In the first only aggregate TFP (A) was stochastic. In the second, only the dispersion shock (λ) was stochastic. The third case allowed both shocks. For each of these cases, parameter estimates and moments are presented for three sets of targeted moments: (i) the RBC moments, (ii) reallocation moments and (iii) a combination of reallocation and RBC moments. These are presented in Tables 4, 5 The variance-covariance matrix was Σ = 0.0001886 . 0.00122116 0.0268307 .
22
The correlation of the cross-sectional standard deviation of plant-level productivity and output, emphasized in Kehrig (2011) is not matched. Instead, the focus here is on the standard deviation of the average product of capital which reflects both the underlying distribution of shocks and endogenous reallocation. 23 The correlation between consumption and investment comes from Cooper and Ejarque (2000) . 24 These are preliminary estimates.
Preliminary Draft, Please Do Not Quote Results from simulation of T=20,000. Here C(x, y) are correlations. The variables are: output (y), capital reallocation (R), the standard deviation of the average revenue product of capital (σ). consumption (c), investment (i) and the Solow residual (mis-measured TFP) (Ã). µ(adj) represent the mean rate of adjusting plants.
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close to 0.8 and the cost of reallocating capital is relatively low.
In contrast, the fit of the RBC moments is not nearly as good when the only shock is to the dispersion of the idiosyncratic shock distribution. That said, as emphasized as well by Bloom, Floetotto, Jaimovich, Saporta-Eksten, and Terry (2012) Results from simulation of T=20,000. Here C(x, y) are contemporaneous correlations. The variables are: output (y), capital reallocation (R), the standard deviation of the average revenue product of capital (σ). consumption (c), investment (i) and the Solow residual (mis-measured TFP) (Ã). µ(adj) represent the mean rate of adjusting plants.
The VAR coefficients of y t on R t−1 , for example, is given by y t |R t−1 . Table 5 reports simulated and data moments, focusing on cyclical reallocation. Here the moments include the procyclical reallocation, the counter-cyclical standard deviation of the marginal product of capital and the estimated VAR(2). For these moments, the case of stochastic λ does much better than the stochastic A specification: the fit is almost 20% worse in the stochastic A case.
In particular, the case with dispersion shocks alone captures: (i) the procyclical reallocation, (ii) the serial correlation in output and (iii) the dynamics of output and reallocation. The stochastic A model misses the dynamic effects of output on reallocation, as suggested by the impulse response functions shown above. Importantly, the estimated model does not match the counter-cyclical variability in the average revenue product of capital.
As shown in Table 3 , the estimated serial correlation in λ is higher and the upper support of the adjustment cost distribution is also higher relative to the estimates matching the RBC moments. This high degree of serial correlation in the dispersion shock produces the counter-factual pro-cyclical standard deviation of the marginal product of capital.
The results when both shocks are present are contained in the last row of Table 6 where both the RBC and reallocation moments are used as targets. Here there are 13 moments and 5 parameters.
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The fit is about 12% better in this case than in the specification with stochastic λ alone. The estimated model captures the procyclical reallocation as well as the counter-cyclical standard deviation of the average revenue product of capital. This is a major contribution of including stochastic TFP in the model. The estimated model captures the dynamic response of reallocation to output, but not as well as the model with stochastic λ alone..
The parameter estimates appear in the last row of Table 3 . The estimated serial correlation in the dispersion shock is much lower than in the other specifications, so that the estimated model generates a negative correlation between output and dispersion in response to a shock to λ. The estimated serial correlation in aggregate TFP is about 0.71, close to the estimate from plant-level data of 0.76 reported in Cooper and Haltiwanger (2006) . But this estimate is substantially lower than the serial correlation of the Social residual, which is traditionally used as a measure of TFP. Despite this, the estimated model generates a substantial serial correlation in output as indicated by the coefficients on lagged output in the VAR. Results from simulation of T=20,000. Here C(x, y) are contemporaneous correlations. The variables are: output (y), capital reallocation (R), the standard deviation of the average revenue product of capital (σ). consumption (c), investment (i) and the Solow residual (mis-measured TFP) (Ã). µ(adj) represent the mean rate of adjusting plants.
The VAR coefficients of y t on R t−1 , for example, is given by y t |R t−1 . In this figure, the green area represents movements in Aggregate TFP while the yellow area is the Solow residual. The standard deviation of the marginal product of capital is in red. The parameters are from the baseline estimates.
Approximation
The previous sections showed that the covariance φ matters for determining the optimal capital allocation.
The problem in (13) includes Γ, the joint distribution of (k, ε). Using the first two moments of this distribution, µ n and φ n , the evolution of Γ can be tracked perfectly. This is important for the planner, Preliminary Draft, Please Do Not Quote
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who has to forecast the expected future output from non-adjusting plants, y n . Variations in λ generate movements in Γ and hence in y n . Capital reallocation is tightly linked to changes in the mis-measurement of TFP when stochastic shocks are present.
Movements in Γ may not be captured well by the first moment µ n alone. In the frictionless case the two moments were perfectly correlated, but this perfect correlation is broken by the existence of time-variation in λ. The impulse response functions above showed that in the case of shocks to λ the two moments µ and φ were strongly correlated. However, different shocks imply different magnitudes of change in µ, φ, and output. A change in λ produces a stronger reaction in φ and a smaller reaction in µ. Output changes of the same magnitude can therefore occur at the same time as different changes in µ. This fact is what generates the limited explanatory power of the first moment µ alone. The significance of reallocation effects is related to the forecasting power of φ n .
Relative to the literature starting with Krusell and Smith (1998) , this is an important finding. In particular, this result is distinguished from preceding papers in that for our environment the approximation of the cross sectional distribution requires higher order moments.
This section emphasizes the importance of including the higher order moments in the state vector.
From this we can determine how well the evolution of Γ could be captured by different subsets of its moments. Table 7 evaluates the importance of the higher order moments. To understand this table, let "DGP"
refer to a data set (and moments) created by solving the baseline model with stochastic λ using (µ, φ) in solving the planner's problem. In (13), the planner forecasts y n , the output from non-adjustable plants next period. The correctly specified regression model including both moments is given by
where s t includes λ t . Estimation results inβ 0 = 0,β 1 = 1.6487 =ε,β 2 = 1, andβ 3 = 0 with an R 2 = 1.
The maximum forecast error (MCFE) is zero. As discussed in Den Haan (2010) a problem of R 2 measures to assess the approximation is that observations generated using the true law of motion (instead of the forecast) are used as the explanatory variable. We construct a seriesŷ n which is using only the approximate law of motion. The forecast error is defined asε t+1 = |ŷ n,t+1 − y n,t+1 |, and the MCFE is the maximum of this series.
Below we study three cases (experiments). The first takes output of the non-adjusting plants from the DGP and regresses it on an intercept, the exogenous state, and the first moment only. Thus this exercise is about approximating the nonlinear solution with a linear representation. The regression model for the linear approximation is given by (30) where we force β 2 = 0. From Table 7 , when λ is random the resulting movements in the distribution of idiosyncratic shocks leads to significant fluctuations in the cross sectional distribution which are ignored leading to a fall in the fit of the model. The first column shows the R 2 of a regression of output from non-adjustable plants on an intercept and the first moment, µ only. The second column reports the maximum forecast error from such a regression.
The second case solves the planner's problem under the (false) assumption that the model is linear. The resulting decision rules and expectations are model consistent by construction, but not data consistent.
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The goodness of fit measure in Table 7 is computed from a regression of the output of the non-adjusting plants in the DGP using the model consistent estimators from the linearized approximation. For this experiment, the linear forecast rule leads to very different allocative decisions by the planner. Consequently, the R 2 is quite low -movements in the cross sectional distribution are very important.
In the third case, the planner uses the DGP to obtain a linear approximation of the law of motion.
With this representation, the planner solves the optimization problem. In this case, the expectations about the evolution of the state vector is consistent with the data, but not with the model. Here, the fit is not very good as the planner is simply unable to capture the nonlinear movements in the economy with a linear approximation of the law of motion.
Conclusion
The goal of this paper was to understand the productivity gains from capital reallocation in the presence of frictions. To study this we have looked at the optimization problem of a planner facing frictions in capital accumulation and shocks to productivity, adjustment costs and the distribution of plant specific shocks.
The heterogeneity in plant-level productivity provides the basis for reallocation. The frictions in adjustment prevent the full realization of these gains. The model can generate cyclical movements in reallocation and in the cross sectional distribution of the average productivity of capital.
There are three key findings in this paper. The first is the cyclical behavior of reallocation and the distribution of capital productivity. When shocks to either adjustment frictions or the distribution of plant-level shocks are present, then reallocation is pro-cyclical. In fact, even if there are no direct shocks to TFP, the reallocation process creates fluctuations in output and investment. These effects are not present when the only shock is to TFP. Further the standard deviation of the cross sectional distribution of average capital productivity is counter-cyclical, as in Eisfeldt and Rampini (2006) and Kehrig (2011) . This section describes the solution of the planner's problem in more detail. The key for the computation is to define a grid for k, which then implies values for µ A and φ A . The starting point is the non-stochastic environment. Here the planner chooses an allocation of capital over plants whose value is the discounted present value of the implied output.
We proceed by computing this vector for any non-stochastic value of π and/or λ. Using the fact that an adjustable plant with idiosyncratic shock ε j > ε i must have k(eps j ) > k(ε i ) we create a grid for capital by interpolating between the vectors for the stationary cases. As a lower bound for the grid the vector where
can be used. As an upper bound we use the frictionless benchmark computed in (6).
How good is the k-grid? We propose the following measure to check whether for a given value of π < 1 and λ the vector of capital across plants is indeed optimal. The first robustness check is to add random Gaussian noise to the policy function. We draw Gaussian i.i.d. shocks from a distribution with
. Applying 1'000 such perturbations to each of our computed optimal k-vectors we find that the throughout the model simulation the maximum increase in output which can be achieved is in the order of 0.01%. Generally we find that the at the tails of the k-vector the largest percentage deviations can occur as a result of our interpolation technique.
For a given vectork and a realization of ε we can compute the cross-sectional mean and standard deviation of the marginal products of capital of non-adjustable plants as αεk α−1 f (ε)dε. Using the law of motion for ε we can compute the evolution of these two moments analytically as well. Note that we can rewrite the mean of the marginal product as E(X · Y ), where X = αε and Y =k α−1 so that the mean of the marginal products of plants who draw a random ε next period is
since the covariance between X and the random draw of ε is zero. Those plants that do not draw a new ε will have the same mean of marginal products as in the previous period. The evolution of the mean of non-adjustable plants' marginal products is therefore given by
This expression is unaffected by variations in λ. We can simplify the expression further by noting that
For the standard deviation of marginal products we can proceed in a similar way. Denote Z = X ·Y . We
The second term has been computed above. 
, where the covariance term is again zero.
How does the evolution of the variance of marginal products of capital change when λ changes? We draw from an ε distribution that has the same mean as before and a variance that is λ 2 times higher. The
We have already shown above that E(X Y ) 2 does not change. Neither does E(Y 2 ). If ε has a mean of zero, everything is simple because then E(X Y ) = 0 and the new variance of marginal products is simply λ 2 times the old one.
But if the mean of ε > 0 the old variance of marginal products over the new one is
Capital Reallocation We compute the amount of capital reallocation using a grid vector for capital with J elements. Capital reallocation is always defined to mean the amount of reallocation between the allocation at the beginning and at the end of a period. Suppose we start with a distribution of k and ε so that the two are perfectly synced. 27 In what follows we start by assuming that there is only one potential vector of ε, denoted ε 1 . We first find the time-invariant part of the vector of capital and ε 1 , that is synced.
Note that reallocation is equal to zero if 1. a plant's capital stock cannot be adjusted (probability 1 − π) 2. if the plant's capital can be adjusted but the plant did not draw a new ε (probability π · (1 − ρ))
The fraction of plants that reallocate is thus given by 1 − ((1 − π) + π(1 − ρ)), or πρ. Next period, after potentially receiving a new draw from the distribution ε 1 , a fraction (1 − π)ρ of plants will have received a random matching of ε 1 and k, while the remaining part of the ε's remain synced with capital. Therefore, as long as 0 < ρ < 1 and 0 < π < 1, there will be a fraction x 1 of plants in which k and ε 1 are synced, and a fraction r 1 = 1 − x, in which k and ε are randomly allocated. Note that both x and r are defined at the beginning of a period. The fraction r that is randomly allocated will remain so at the end of the period if
capital cannot be adjusted (1 − π). From the above we can derive the law of motion for the fraction x 1 as
In the steady state there will be a fraction of plants whose capital is synced equal to
while the remaining fraction
(1−π)ρ (1−π)ρ+π will be randomly allocated. This can easily be extended to the case of M different target distributions of capital. If the index of the new target capital vector is given by k Preliminary Draft, Please Do Not Quote A SOLUTION ALGORITHM FOR PLANNER'S PROBLEM and the set of non-target vectors is n = j ∩ k we can generalize the law of motion as follows.
x 1,k = π + (1 − π)(1 − ρ)x 1,k x 1,n = (1 − π)(1 − ρ) · x 1,n , ∀n r 1,j = (1 − π)(ρx 1,j + r 1,j ), ∀j.
It is easy to see that the new stationary distribution will converge to x 1,n = r 1,n = 0 and x 1,k = x ss 1 .
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We can now compute the steady state level of capital reallocation. If a plant is within the set x of synced plants, with probability πρ the ε are randomly re-assigned and capital can be adjusted. Reallocation in that case is given by the (weighted) average distance between capital vector and all its permutations. This distance is denoted as d(k, k). With probability 1 − πρ reallocation is zero. We have R x = 1 2 πρd(k 1,1 , k 1,1 ).
The multiplication with Any plant that receives a new ε draw and reallocates (πρ), reallocates the expected difference between k 1,j and k 1,k . A fraction π(1 − ρ) will not change its ε but since the target vector of capital has changed, reallocation is given by the expected distance between k 1,j and k 1,k if the plant was in the randomly allocated set. Finally, if capital can be reallocated but ε does not change, the distance for the previously ordered vector is given byd(k, k), which is simply the weighted absolute difference between two vectors.
If π is allowed to be time-varying we need to replace π with π t in the above formulation.
Standard Deviation of MRPK We can use a similar approach to compute the standard deviation of the marginal revenue product of capital, σ M RP K , our measure of misallocation. 29 This measure is computed at the end of a period, after new draws of ε are made and new choices of k are implemented.
28 We added the subscript 1 to the vectors x and r because it will facilitate the notation once we introduce time-varying λ. The subscript indicates that capital is taken from the vector j, while the ε distribution is ε 1 . 29 We will simply write σ to save on notation.
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x f,1 = (1 − ρ)(x f,1 + πr f,1 ), ∀f r e,1 = (1 − π)ρ + (1 − π)(1 − ρ)r e,1 r f,1 = (1 − π)(1 − ρ)r f,1 , ∀f.
Period reallocation is now given by
The standard deviation of marginal products of capital is
The last expression now has to take into account the different values of σ depending on the distribution of ε.
Allowing for time-varying λ and k Now consider the case where λ and the target vector of capital k change. Denote as e the index of the new ε draw from the # λ different distributions and as f = # λ ∩ e.
The index of the new target capital vector is k i and the set of non-target vectors is n i = j i ∩ k i . 30 Define as x i,j (r i,j ) the mass of plants that characterized by having a synced (random) allocation of ε i and k i,j i . The law of motion can then be written as x e,k e = πρ + π(1 − ρ) i j (x e,j i + r e,j i ) + (1 − π)(1 − ρ) · x e,k e x f,k f = π(1 − ρ) i j (x f,j i + r f,j i ) + (1 − π)(1 − ρ) · x f,k f , ∀f x i,j h = (1 − π)(1 − ρ)x i,j h , ∀(i, j, h = i)
x i,n i = (1 − π)(1 − ρ)x i,n i , ∀(i, n) r e,j i = (1 − π)ρ h (x h,j i + r h,j i ) + (1 − π)(1 − ρ)r e,j i , ∀(i, j) r f,j i = (1 − π)(1 − ρ)r f,j i , ∀(i, j).
Period reallocation is now given by
30 Note that there is a target distribution k for each level of λ. This is indicated by the subscript k i Preliminary Draft, Please Do Not Quote
The standard deviation of marginal products of capital is σ = i j h (x i,j h σ x i,j h + r i,j h f (ε i , k i,j h )).
B Data on Capital Reallocation
Here we present additional information about the data on capital reallocation, GDP, and uncertainty. Table   8 provides summary statistics of the Compustat firm-level variables. These are sales of PP&E (#107), acquisitions (#129), total assets (#6), PP&E (#8), capital expenditures (#30). Tobin's Q was created as the market to book value (#60, #74, and #6). We deflated all series to 1984 dollars using the CPI from the BLS. Following Eisfeldt and Rampini (2006) we compute turnover ratios -reallocation normalized by the subset of the capital stock included in our data -to account for the fact that Compustat only includes a subset of all firms. Figure ? ? shows the time series of dispersion in Tobin's Q and real GDP. 
